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/Following  Is  the  translation  of  an  article 
bv  Chanr' Fang- chi en  (1728  5364  6190)  and  ; 

Wang  Yti'-k ’  ang  (3769  5940  1660),  of  the 
Ministry  of  Petroleum  Industry’s  Refinery 
No.  7,  in  Jan-liao  HsD.eh-.pao  (‘Acta  Foealia 
Sinica*,  or  Journal  of  Fuels),  Vol.  4,  No*  2,  •, 

pp.  140-156,  April  1959,  Shanghai/ 


Abstract 

Three  different  additives  —  701,  711,  and  711A  — 
of  barium  salt  of  alkyl-phenol  type  for  motor  lubricating 
oil  have  been  synthesised,  and  their  effects  on  the  per¬ 
formance  of  motor  lubricants  produced  from  the  Soviet- 
produced  Second  Baku  Crude-No.  15  (for  motor  vehicles)  and 
Yumen  Crude-No,  10  (for  motor  vehicles),  have  been  investi¬ 
gated,  Their  viscosity-temperature  characteristics,  their 
lubricity  and  anti-corrosive  properties,  their  anti-oxida¬ 
tion  and  detergent  pi*operties  have  been  evaluated.  The 
motor  lubricants  with  the  above  three  additives  added  have 
also  been  tested  on  a  single-cylinder  gasoline  engine.  For 
purposes  of  comparison,  Soviet -produced  diesel  lubricant 
DP-14  and  additive  (Russian)  —  AzNII-TsIATNIM-1  (Azer- 
baydzhanskiy  Nauchno-issledovatel*nyy  institut— Tsentral’  - 
nyy  Nauchnc-issledovatel’nyy  Institut  Aviatsionnykh  topliv 
1  masel-1  —  Azerhaydzhan  Scientific  Research  Institute  and 
Central  Scientific  Research  Institute  of  Aviation  Fuels  and 
Lubrxcants-1)  have  been  selected  for  parallel  runs. 

Test  resu3.ts  indicate  that  additive  701  improves  the 
special  characteristics  of  the  viscosity-temperature  of  the 
lubricating  oil  slightly,  but  additives  711  and  711A  pro- 
duce  a  somewhat  unfavorable  effect.  Additive  711A  shows the 
*  Received  15  October  1958, 
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best  results  on  lubricity  improvement .  Also,  as  regards 
anti-corrosiveness,  additive  711A  produces  significant  re¬ 
sults  with  the  No*  10  motor  oil  of  Yumen  origin*  All  three 
additives  —  701,  711,  and  711A  —  show  good  anti-oxidation 
properties  below  250°  C,  but  deteriorate  rapidly  at  higher 
temperatures,  such  that  the  additive  effect  becomes  almost 
nil  under  the  oxidation  conditions  present  at  300°  C.  For 
detergent  effect,  additive  711A  improves  the  Second  Baku 
Crude-Ho.  15  from  grade  6  to  grade  1  on  the  model-engine 
test. 

Preliminary  engine  tests  of  motor  lubricants  con¬ 
taining  additive  711A  —  pn  a  single-cylinder  gasoline 
engine  —  prove  that  less  acid  is  formed,  viscosity  is 
lowered,  less  deposit  is  found  on  the  pistons  and  rings, 
and  less  corrosion  is  observed* 

Introduction 

During  the  last  twenty  years,  salts  of  carboxylic 
acid,  sulfonic  acid  and  alkyl-phenols  have  been  used  ex¬ 
tensively  as  additives. for  improving  the  performance  of 
motor  lubricating  oils'1'.  Most  of  these  types  of  addi¬ 
tives  have  lessened  the  effects  of  oxidation  on  lubricat¬ 
ing  oils  (anti-oxidation),  reduced  corrosion  —  especially 
in  the  corrosion  of  non-ferrous  metals  and  their  alloys  — 
(anti-corrosion) ,  and  also  reduced  carbon  deposits  on  var¬ 
ious  parts  of  the  engine  (detergency,  or  deflocculant  pro¬ 
perty).  Among  these  additives,  the  barium  salts  of  alkyl- 
phenols  have  been  extensively  adopted  by  industry. 

In  order  to  improve  the  quality  of  our  lubricants 
and  to  produce  motor  lubricants  for  high-speed  diesel 
engines  adequate  to  meet  the  needs  of  socialist  construc¬ 
tion,  we  have  studied  and  produced  additives  with  improved 
motor  lubricant  operational  characteristics'2'.  Three 
kinds  of  more  effective  additives  —  designated  as  701,  711, 
and  711A  —  were  produced  on  a  trial-run  basis  in  1957. 

701  is  barium  salt  of  sulfonated  alkyl  -phenol ;  711  is  an¬ 

other  type  of  barium  salt  of  sulfonated  alkyl-phenol;  711A 
is  alkyl-phenol  barium  salt. 

In  order  to  determine  whether  or  not  these  three 
types  of  additives  are  capable  of  improving  the  performance 
of  motor  lubricants,  we  have  carried  out  laboratory  exper¬ 
iments  with  the  assistance  of  the  Institute  of  Petroleum  — 
Academia  Sinica  —  in  an  effort  to  determine  their  effects 
on  the  viscosity-temperature  indices,  lubricity,  anti-cor¬ 
rosion,  anti-oxidation  and  detergent  properties,  et  cetera, 
of  the  lubricants.  Comprehensive  evaluation  tests  have  also 
been  undertaken  on  a  Type-1103  single-cylinder  engine  using 
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mrler;  with  and  without  the  additives, 

For  the  comparison,  a  Soviet -produced  adaito.^ 

the  talSWl  --  •»«  »  «•*«!  cil  Bctc”'  1”^!o*r!t 

Di -14  —  also  have  been  evaluate^. 


Experimental  Data 

1,  Physical  and  chemical  properties  of  motor  lubri- 
cants  under  evaluation.  The  basic  sables  under  evaluation 
w«r.Q  selected  and  manufactured  by  Reinnery  No,  7  rrom  tne 
specially-processed  Second  Baku.  Crude-No.  xo  and  lumen 
Crude-No,  10.  The  amount  of  additive  contained  in  bot  * 

sa^ples^as  approxi^eiy^^i  propOTtle3  of  the  original 

lubricants  —with  and  without  the  additives  —  are  repro¬ 
duced  in  Table  1  (see  pages  4  and  5. 

It  will  be  noted  from  the  data  in  Table  1  tuat  the 

■tvr»nn Arties  of  Second  Baku  Crude-No,  15,  after  the  addition 
Mitivesf7m:  711,  701.  or  Aami-TsXATHIM-1,  moot  the 
specific  requirements  of  the  soviet  diesel  lubricant  BP- 14 
(COST  5304-54),  If  only  additive  711A  is  added,  then  the 
solidifying  point  is  not  up  to  specifications, 
SVumenCrude-No.  10  meets  all  the  specifications  of 
Soviet  diesel  lubricant  DP-11  (GOST  5304-54)  after  the  addi- 
tion  of  the  above-mentioned  additives,  except  in  respect  to 
the  solidifying  point,  viscosity  and  viscosity  ratio. 

It  is  also  noted  from  those  results  that  both  addi¬ 
tives  701  and  A zNI I -T s IATNI M- 1  have  similar  effects  in 
respect  to  lowering  the  solidifying  point,  while  neither 
713  nor  711A  has  such  effects.  On  the  contrary,  the 
solid!  *hlng  point  of  the  oil  sample  was  raised  by  2-4  af¬ 
ter  "the"  addition  of  additive  711U  This  is  related  primar¬ 
ily  to  the  length  of  the  alkyl  group  in  the  molecule  of  the 

2.  Viscosity-temperature  characteristics  of  motor 
lubricants  under  evaluation.  In  speaking  of  the  properties 
of  lubricants,  the  particular  characteristics  of  viscosity- 
temperature  form  an  important  criteria®  Viscosity— tempera¬ 
ture  factors  determine  whether  or  not  the  lubricant  can  be 
quickly  conveyed  to  the  friction  points  or  to  the  surfaces 
when  the  engine  is  started  at  a  low  temperature#  Xt  also 
Indicates  whether  or  not  an  adequate  oil  level  can  be  main¬ 
tained  In  the  high-temperature  region  between  the  piston 
rings  and  the  cylinder  wall.  It  is  obvious  that  these  fac¬ 
tors  are  directly  related  to  engine  wear. 

Figure  1  shows  the  viscosity-temperature  curves  — 
ranging  from  10°  to  150°  —  for  Second  Baku  Crude-No,  15 
and °di es el  lubricant  DP-14,  with  and  without  additives  711A, 
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7t  "Requirement  for  ash  content  for  DP-14, 
0.12  when  additive  AzNII-TsIATHIM-1  1 
DP-11,  also  not  less  than  0.12. 

-;kc*  Requirement  for  acid  content  for  DP -14, 
0,22  when  additive  AzKII-TslATKXh-1  is 
DP-11,  not  less  than  0,20* 
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Table  1.  Physical  and  Chemical  Properties  of  Motor 
Lubricants  Under  Evaluation. 


711,  701,  or  AzKII-TalATNIM-l.  Figure  2  illustrates  the 
viscosity-temperature  curves  for  Yumen  Crude-No,  10,  with 
and  without  the  above  additives.  It  can  be  seen  from 
Figure  1  that  the  viscosities  of  each  of  the  oils  are 
basically  the  same  when  the  temperature  is  over  100°, 
However,  viscosities  of  lubricants  in  which  have  been  added 
additives  711  and  7114,  tend  to  increase  when  the  tempera¬ 
ture  drops.  Similar  effects  are  noted  in  Figure  2,  'There¬ 
fore,  it  is  necessary  to  study  further  the  extent  of  the 


1,  Second  Balcu  Crude-No,  15 
Without  Additive; 

2.  Second  Baku  Crude-No,  15 
With  3^-7114; 

3,  Second  Balm  Crude-No,  15 
With  3$-AzNII-TsIATNIM-l 

4,  Second  Baku  Crude-No,  15 
With  3?a-701; 

5.  Second  Baku  Crude -No.  15 
With  3/S-711; 

6.  DP-14. 


Temp  er atur e  ( °C . } 

Figure  1,  Viscosity-Temperature 
Curves  of  Second  Baku  Crude-No, 
15  —  With  and  Without  Additives 


effects  of  additives  711  and  711A  as  they  relate  to  the 
lubricant  fluidity  at  low  temperatures,  fluidity  at  de¬ 
limiting  temperatures,  and  at  the  lowest  temperature  in 
starting  an  engine  cold. 

It  has  been  found  that  both  Soviet  additives  701  and 
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AzMII-TbIATMIM-1  slightly  improve  the  viscosity-tempera, 
ture  properties  of  the  .lubricants* 


+> 
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L  AJ  Hi  U» 

Temperature  { °C. ) 

Figure  2.  Viscosity-Temperature 
Curves  of  Yumen  Crude  Oil-No* 

10  —  With  and  Without  Additives, 

*  Lubricity  —  ox*  lubricating  properties  --  of 
motor  lubricants  under  evaluation.  Tests  were  carried  out 
with  Second  Baku  Crude-No.  15  —  with  and  without  additives 

_ and  with  diesel  lubricant  DP-14,  using  a  four-ball  fri 

tion  and  wear  machine*  Test  conditions  -were  as  follows. 


Maximum  speed  (ball) 5 
Ball  diameter; 

Test  period; 

Lubricant  temp., 
before  test; 


1500  rpm 
l/2  inch 
60  seconds 

Room  temp* 
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The  total  loads  carried  on  disrupture  of  the  lubri¬ 
cant  oil  films  are  tabulated  in  Table  2. 


Figure  3  shows  the  relationship  between  the  total 
load  and  the  ball  wear  —  in  diameter*  It  can  be  seen  from 
Figure  3  and  Table  2  that  all  the  additives  are  capable  of 
Increasing  the  oil  film  strength.  Among  the  additives,  the 
additive  711A  increases  the  oil  film  strength  to  the  great¬ 
est  extent  —  an  increase  of  25  kg*  over  the  load  carried 
by  the  crude  sample  without  the  addition  of  an  additive. 
This  figure  exceeds  even  the  oil  film  strength  of  the 
diesel  lubricant  DP -14. 


Total  Ball  Load  (kg.) 


Second  Baku  Crude - 
Ho.  15; 

Second  Baku  Crude, 
With  3$~711Aj. 

Second  Baku  Crude, 
With  3^-711; 

Second  Baku  Crude, 
With  AzNII-TsIATNIM-l; 
Second  Baku  Crude, 
With  3^-701; 

DP-14. 


Figure  3.  Total  Load-Ball  Wear 
(In  diameter)  Curves* 


Furthermore,  it  is  shown  by  Figure  3  that  the  wear 
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.  <11  ayr.Mj&r )  in  the  case  of  a  sample  with  additive  7I1A, 
is*  the  lowest  before  the  disruption  of  oil  film  (when  tne 
total  load  is  less  than  90  kg* ) ,  while  wear  is  greatest  in 
the  case  of  diesel  lubricant  DP-14*  Consequently,  it  can 
be  concluded  that  additive  711A  possesses  good  lubricat- 

4  v.  or  t»T4  AT4t°  i 

Ji::!  it  can  also  be  seen  from  Figure  3,  however,  that  the 
additive  loses  its  effect  as  soon  as  the  oil  fiha 
runted,  as  in  the  case  of  the  sample  with  additive  711/U 
Thus,  the  wear  —  in  diameter  —  is  similar  to  that  whicn 
resulted  from  samples  without  additives  added.* 

46  Anti -corrosion  properties  of  motor  lubricants 
under  evaluation*  In  recent  years,  the  development  of 
internal  combustion  engines  has  demanded  more  from  lubri¬ 
cants  —  especially  from  the  standpoint  of  anti-corrosion 
requirements.  This  is  particularly  true  in  the  case  of 
diesel  engines  where  bearing  metals  have  been  cnanged  from 
babbitt  to  copper-lead  or  cadmium- si Ivor.  Since  lead, 
cadmium,  et  cetera,  and  other  non-ferrous  metals  of  such_t 
newer  alloys,  are  easily  soluble  in  oxidized  lubricants  , 
the  anti-corrosion  properties  of  lubricants  becomes  ail  the 
more  significant*. 

In  order  to  determine  whether  or  not  the  samples 
under  evaluation  can  b©  used  in  the  diesel  engine ,  tho 
determination  of  their  anti -corrosion  properties  appears 
to  be  highly  significant.  The  Birikovitch  method  of  evalu¬ 
ation  ( GOST  5162-49)  was  adopted  and  the  test  results  are 
shown,  in  Table  3# 


Table  3, 


Lubricant  Sample 

| - - - - — 

I  Second  Baku  Crude-No, 

I  Same,  With  3^-7 11A 
I  Same »  With  3^-711 


Same, 


With  3/0-701 


Same,  With  3% -A  sill  X- 


(g./m^) 


TsIATMIBUl  -0*5 

DP -14  13*4 

lumen  Crude-No*  10  69,0 

Same,  With  3$-711A  2,6 

Same,  With  3^-711  27*4 

Same,  With  3^-701  19,7 

Sam©,  With  3^-AaHI.I- 

,  _ 

Ant i -Corrosion  Property  (Pb  Sheet) 
Evaluation  By  Binkovitch  Method, 
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The  results  of  the  corrosion  tests  indicate  that  the 
No.  15  Motor  Oil  itself  —  produced  from  the  Second  Baku 
Crude  —  has  good  anti-corrosion  properties.  The  addition 
of  either  the  701,  711,  or  711A  additives,  though,  slight¬ 
ly  increases  its  corrosiveness.  However,  when  AzNII-TslAT- 
NIM-1  is  added,  a  negative  value  is  obtained  in  the  cor¬ 
rosion  test.  Since  this  additive  is  capable  of  forming  a 
strong,  firm  protective  film  on  the  metal  surface,  the 
negative  value  actually  represents  the  weight  of  this  film. 

The  anti-corrosion  properties  of  Second  Baku  Crude— 
either  with  or  without  the  above  additives  --  far  exceeds 
that  of  the  diesel  lubricant  DP-14. 

The  corrosion  resulting  from  the  No.  10  Motor  Oil 
—  produced  from  the  Yumen  Crude  —  reaches  69  g./nr.  This 
is  considerably  lessened  after  the  addition  of  either  711A 
or  AzNII-TsIATNIM-1  (see  Table  5),  and  far  exceeds  the  re¬ 
quirements  of  DP-11  (GOST  5304-54),  Although  corrosion  is 
also  lowered  by  the  addition  of  701  and  711,  the  oil  —  on 
the  whole  —  however,  does  not  meet  the  specifications  of 
DP-11. 

In  comparing  these  additives,  it  can  be  concluded 
that  both  AzNII-TsXATNIM-1  and  711A  possess  good  anti¬ 
corrosion  properties,  while  additives  701  and  711  are  less 
effective.  This  is  especially  obvious  when  either  one  of 
these  additives  is  added  to  Yumen  Crude-No.  10,  in  which 
case  the  resulting  lubricant  is  rendered  unfit  for  diesel 
engines.  Therefore,  the  sulfonation  conditions  during  the 
manufacture  of  these  additives  should  be  Improved  in  order 
to  raise  their  anti -corrosion  properties. 

Similarly,  the  above  conclusion  can  be  drawn  from 
Figures  4  and  5  —  plotted  according  to  data  tabulated  in 
Table  4  —  on  page  11. 

It  is  noteworthy  that  the  total  corrosion  of  the  lead 
sheet  over  a  50-hour  testing  period  --  during  which  time  the 
corrosion  was  checked  once  every  five  hours  —  was  generally 
greater  than  that  determined  only  once  at  the  end  of  the 
50-hour  period  (see  Tables  3  and  4).  It  may  also  be  noted 
here  that  the  amount  of  corrosion  in  the  case  of  additive 
AzNII-TsIATNIM-1  is  greater  than  those  with  711A. 

Conceivably,  a  firm  protective  film  was  not  formed 
on  the  metal  surface  within  five  hours  (in  the  course  of 
the  corrosion  test);  thus,  the  film  residue  was  probably 
rinsed  off  when  the  metal  sheet  was  withdrawn  and  washed 
with  benzene  before  weighing.  Consequently,  during  the 
next  five-hour  test  period,  the  metal  surface  came  into 
direct  contact  with  the  oxidized  lubricant  and,  thereby, 
the  corrosion  was  Increased. 

The  anti -oxidation  property  is  poorer  In  the  AzNIX- 
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Test  Period  (hrs*) 


Figure  4. 

1.  Second  Baku  Crude- 
Ko  15  • 

2.  Same,  With  5^-711A? 
3a  Same,  With  3^-711; 

4.  Same,  With  5$ -701 J 

5.  Same,  With  3#-AzNII~ 

TsIATNIM-l; 

6.  DP-14, 


Test  Period  (hrs.) 


Figure  5. 

1,  lumen  Crude-No.  10 j 

2,  Same,  With  3#-701; 

3,  Same,  With  3#-711; 

4,  Same,  With  3#-AsHII- 

TsIATKIM-lj 

5,  Same,  With  356-711A. 


Table  4.  Results  of  Corrosion  Test  Deter¬ 
mined  Every  5  Hours  (Binkoviteh) 

Lubri  cant  Corro  siveness 

(g,/rag) 

. . . - . 5  hour  Intervals . 
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TaIATNlM-1  than  it  is  in  the  acidities  71iA*  when  it  is 
incapable  of  forming  a  protective  film  on  tne  metal  sur¬ 
face,  the  metal  comes  into  contact  with  the  more  exten- 
si^fcly  oxidised  Xtihx*icaxLu#  Thxxs$  its  antx— corros3-on  px^o-* 

perty  is  poorer  than  that  of  711A. 

It  should  be  pointed  out  that  results  of  parallel 
runs  in  determining  corrosion  properties  of  Second  Baku 
toSde“o“  15  —  without  additives  —  have  been  unsatlsfae- 
tory  and  were  obtained  with  great  difficulties  using  the 
Binkovitch  instruments* 

5*  Anti-oxidation  properties  of  motor  lubricants 


under  evaluation* 

a)  Oxidation  test  under  thin  oil-layer  conditions. 
The  oxidation  characteristics  test  with  thin  oil-layers  is 
designed  to  evaluate  the  complex  changes  of  the  oil  —  on 
the  surface  of  the  metal  — —  under  the  effects  of  air  and 
high  temperatures*  This  experiment  was  intended  to  ex¬ 
plain  the  possible  changes  and  activity  of  the  lubricant 
in  the  ring-belt  area  or  other  high-temperature  regions  of 
the  engine*  We  adopted  —  for  our  tests  —  the  method 
proposed  by  K.  K.  P&hock  (GOST  4953-49)  for  the  determina¬ 
tion  of  oxidation  stability  of  lubricants  at  high  tempera¬ 


tures* 

According  to  P abode*  oxidation  stability  at  high 
temperatures  might  indicate  the  lubricity  in  the  engine 
ring-belt  area  on  judging  the  extent  of  ring-belt  area 
charring  or  lacquer  deposits  on  the  engine  parts**'*  Re¬ 
sults  of  Paboek's  experiments  also  confirmed  the  fact  that 
oxidation  stability  at  high  temperatures  is  definitely  re¬ 
lated  to  piston  ring  stickiness*^'  in  the  engine*  This 
relationship  has  also  been  confirmed  in  our  studies. 

The  oxidation  stability  properties  of  various  lubri¬ 
cants  at  temperatures  of  230° ,  250° ,  270°,  and  300°,  were 
determined  and  the  results  are  shown  in  Table  5t  and  In 
Figures  6  and  7  (see  page  13)* 

These  re  six  It  s  indicate  that  additive  711A  is  effec¬ 
tive  in  combating  oxidation  in  conditions  under  250°, 
whether  added  to  Second  Baku  Crude-No.  15  or  to  Yumen  Crude- 
No.  10.  Its  anti-oxidation  characteristics,  however,  quick¬ 
ly  deteriorate  as  soon  as  the  temperature  rises,  until  its 
effects  become  almost  nil  at  300°.  Since  It  Is  common  in 
diesel  engines  for  the  ring-belt  area  to  reach  a  tempera¬ 
ture  of  500°  (3,  4),  the  stability  of  711A  at  high  tempera¬ 
tures  should  be  improved. 

Additive  711,  on  the  other  hand,  displays  a  compara¬ 
tively  better  oxidation  stability  at  temperatures  above 
250°. 

Among  these  additives,  the  anti -oxidation  properties 
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High  Temp. 
Oxidation  Stabilir- 


1.  Second  Baku  Crude-Ho* 
15  j 

2.  Same,  With  39S-711A; 

3.  Same,  With  3^-711; 

4.  Same,  With  3^-701 J 

5.  Same.,  With  3^-AzNII- 

TsIATNIM-l; 

6.  DP-14. 


Oxidation  Temp. 

C°c.) 


Figure  6* 


1*  Yuraen  Crude-No.  10s 
2.  Same,  With  3^-7 11A; 
3«  Same,  With  3%-711; 

4.  Same,  With  3^-701; 

5.  Same,  With  3^-AzNII 

TsIATHIM-l. 


Oxidation  Temp* 
(°C.) 


Figure  7, 
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of  AzNII-TsIATNXM-1  is  the  moat  deficient. 

The  oxidation  stability  characteristics  of  both 
Second  Balm  Crude -No.  15  and  Yumen  Crude-No,  10  satisfy 
the  requirements  of  high-speed  diesel  lubricants  DP— 14 
and  DP-11  —  at  250°,  even  without  additives,  and  far  ex¬ 
ceed  these  specifications  after  the  addition  of  additives, 
b)  Oxidation  test  tinder  thick  oil-layer  conditions. 
Crankcase  oil  oxidation  falls  under  this  category.  It  has 
been  pointed,  among  others  by  H,  E.  Tchernoskoff ,  that 
oxidation  proceeds  with  the  formation  of  acids,  resins,  and 
asphalt  materials'0 ' •  In  other  words,  acidity,  viscosity, 
et  cetera,  of  the  lubricants  increase  as  oxidation  pro¬ 
gresses,  Our  laboratory  experiments  on  thick  oil-layers 
were  conducted  under  the  following  oxidation  conditions: 

Amount  of  test  sample :  40  ml, 

Oxi dat i on  t emperatur e :  200° 

Rate  of  Aeration  (input):  15  lit, /hr. 

Oxidation  period:  12  hours  (in 

two  runs) 

Table  6  shows  the  viscosity,  acidity,  and  the  amount 
of  residual  coke  for  the  sample  before  and  after  oxidation. 


Table  6,  Viscosity,  Acidity,  Residual 
Carbon  of  Samples  Before  and  After  the 
Thick  Oil-Layer  Oxidation  Teat, 
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Judging  by  the  changes  in  viscosity  and  residual 
carbon  values  --  before  and  after  oxidation  (see  Table  6) 

—  it  is  found  that  additive  711A  possesses  relatively 
good  anti -oxidation  properties,  711A,  however,  with  re¬ 
spect  to  acidity  --  before  and  after  oxidation  —  displays 
very  poor  anti -oxidation  properties;  whereas,  both  711  and 
701  are  superior  in  this  respect. 

The  anti -oxidation  properties  of  additive  AzNII- 
TslATNIM-1,  compared  with  our  additives,  is  poorer  in  ei¬ 
ther  viscosity,  acidity,  or  amount  of  residual  carbon. 

Table  7,  Binkovitch  Method  of 
Acidity  Determination  After 


Oxidation, 


Sample 

Acidity  Value 
(mg, . KOH/g, . oil) 

Second  Baku  Crude-No,  IS 

0,66 

Same,  With  3?5-711A 

0,06 

Same,  With  "4-711 

0,70 

Same,  With  3^-701 

0,65 

Same,  With  3^-AzKII- 

TslATNIM-1 

0.57 

DP -14 

0.86 

Yumen  Crude-No,  10 

0,28 

Same,  With-  3#-711A 

0,09 

Same,  With  355-711 

0,49 

Same,  With  35&-701 

0.48 

Same,  With  3^-AzNII- 

TslATNIM-1 

0.46 

The  acidity  values  of  the  samples  —  after  subjec¬ 
tion  to  the  Binkovitch  corrosion  test  —  are  tabulated  in 
Table  7  (above).  This  technique  is  also  a  type  of  thick 
oil-layer  oxidation  test,  except  that  the  temperature  of 
oxidation  and  the  degree  of  oxygen  contact  are  much  more 
moderate  than  those  described  above.  The  data  described 
in  Table  7  shows  that  711/').  is  an  effective  anti-oxidant  in 
keeping  the  acidity  of  the  sample  at  a  lov/  lever  after  oxi¬ 
dation,  This  observation  does  not  contradict  the  results 
tabulated  in  Table  6,  It  does,  however,  explain  the  fact 
that  under  high  temperatures  and  vigorous  reaction  condi¬ 
tions  additive  711A  is  easily  consumed.  On  the  other  hand, 
at  lower  temperatures,  additive  711A  maintains  its  excel¬ 
lent  anti -oxidation  properties.  Such  an  explanation  is  in 
accord  with  the  high-temperature  oxidation  stability  data 
(Table  4)  obtained  by  the  Pabock  method, 

6.  Detergency  (def luoccuiant  property)  of  motor 
liabricant  samples  under  evaluation.  Various  "hypotheses 
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have  been  proposed  to  explain  the  detergency  mechanism  — 
defluocculant  property  —  of  additives,  from  whence  have 
arisen  numerous  methods  for  the  determination  of  this 
property.  Among  these,  the  results  obtained  hj  the  P.3  B. 
Method  (GOST  5726-51)  —  proposed  by  K.  K.  Pabock  —  are 
closer  to  those  obtained  from  actual  engine  performance'5'. 

Figure  3,  Photograph  of  Pis¬ 
tons  After  P.o  B.  Test* 

1*  DP-14  Diesel  Lubricant; 

2.  Second  Baku  Crude-Bo.  15, 
With  3$-71lA j 

3,  Second  Baku  Crude-No.  15, 
Without  Additive, 


We  have  conducted  tests  on  detergency  characteris¬ 
tics  by  using  the  P.3  B.  equipment  built  by  the  Institute 
of  Petroleum,  Academia  Sirica,  However,  comparison  tests 
only  on  Second  Balm  Crude-No.  15  —  with  and  without  the 
additive  711A,  —  and  on  diesel  lubricant  DP-14,  were  con¬ 
ducted  < —  due  to  mechanical  difficulties. 

Conditions  of  the  standard  test  method  (GOST  5726- 
51k6'  were  adopted,  except  that  the  engine  speed  was  al¬ 
tered  to  1500  rpm. 

Figure  8  shows  the  test  results  for  the  three  sam¬ 
ples.  Detergency  properties  of  Second  Balm.  Crude-No,  15  — 
without  additives  —  were  the  poorest  (classified  as  grade 
S  by  evaluation).  This  conclusion  agrees  with  the  results 
obtained  by  Nilchiky  in  a  similar  study  of  this  same  lubri¬ 
cant  W  )  « 

However,  its  detergency  can  be  increased  to  grade  1 
after  the  addition  of  additive  711A.  Detergency  of  "diesel 
lubricant  DP-1.4  was  also  found  to  be  grade  1. 

7,  Comprehensive  evaluation  of  the  general  proper¬ 
ties  of  motor  lubricants  as  determined  by  tests  conducted 
on  a  Type-1103  single-cylinder  engine.  Low-powered  single¬ 
cylinder  engines  have  been  used  extensively  in  the  evalua¬ 
tion  of  motor  lubricant  performance* 

The  Type-1103  single-cylinder  gasoline  engine  is 
manufactured  by  Idu-chou  Machinery,  Kwangsi  (Province), 

The  main  purpose  of  such  tests  is  to  compere  the 


16 


respective  wear -reducing  properties,  anti-oxidation,  anti¬ 
corrosion,  carbon  deposit  reduction  properties,  detergen¬ 
cy,  et  cetera,  of  the  various  motor  lubricants  in  engine 
test  runs.  The  test  method  which,  utilizes  this  type  of 
engine  in  the  evaluation  of  motor  lubricant  performance  was 
treated  in  a  special  report  which  also  discussed  its  abili¬ 
ty  to  be  reproduced  and  its  recurrent  nature'®'. 

In  evaluating  the  corresponding  properties  of  die¬ 
sel  lubricants  in  their  performance  on  a  single-cylinder 
gasoline  engine,  rigid  test  conditions  were  adopted  and 
the  operating  conditions  described  by  G,  H.  J,  Simmons v 9 ) , 
in  the  evaluation  of  diesel  engine  motor  lubricants  on  a 
similar  type  of  engine  were  studied  before  the  conditions 
described  below  were  put  forth.  The  conditions  adopted  by 
Pan  Yu  (5400  3558)  'and  Tang  Hung-hsin  (8096  7703  6580),  in 
their  evaluation  of  aviation  lubricating  oils  using  a 
Type-1103  single-cylinder  engine,  were  also  compared ( 10 ) , 
The  principal  operating  conditions  employed  in  our 
tests  were  as  follows: 


Test  period: 

Engine  load : 

Temp,  of  water  for  cooling, 

inlet  : 
outlet : 

Engine  speed  (rpm) : 

Temp®  of  lubricant  : 

Air  temp,  -  inlet : 


80  hours 
1,5  0,1  hp 


95-105° 

180-125° 

150  20  rpm 

100-105° 

30  1° 


The  lubricated  surface  was  examined,  every  10  hours, 
and  fresh  lubricant  was  added. 

Samples  drawn  after  testing  for  40  hours,  and  those 
taken  at  the  end  of  the  test  were  analyzed  for  their  iron 
content  and  for  physical  and  chemical  properties. 

Determinations  were  also  made  of  the  amount  of  car¬ 
bon  deposit  on  the  top  of  the  piston,  the  amount  of  lacquer¬ 
like  material  deposited  on  the  piston,  stickiness  and  wear 
on  the  piston  rings,  et  cetera,  after  the  test. 

The  fuel  used  in  the  test  was  straight  distillation 
gasoline  from  Yumen  Crude-No.  10  —  without  the  addition  of 
lead. 

In  order  to  determine,  or  prove,  that  the  results 
obtained^ in  testing  the  various  oil  samples  —  useing  the 
same  engine  --  were  comparable,  tests  were  repeated  -- 
starting  with  the  first  sample  —  after  the  tests  on  the 
entire  series  of  samples  was  completed.  If  the  results  of 
the  first,  test  can  oe  duplicated  In  the  second  test,  then 
it  can  be  shown  that  the  mechanical  variations  of  the  en- 
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gine  are  not  great.  Thus,  it  was  found  that  these  results 

could  be  closely  duplicated. 

Table  8  shows  the  test  sequence  of  the  samples. 
Tests  were  undertaken  with  both  Second  Baku  Crude-No,  15 
and  Yumen  Crude -Ho,  10,  The  tests  conducted  with  Yumen 
Crude-No#  10 ,  however,  in  order  to  prolong  the  life  of  the 
engine,  were  only  run  in  conjunction  with  the  additive 
711A  —  with  and  without  the  additive. 


Table  8,  Test  Sequence  of 
Lubr i c ant  Samp 1 e s  « 


Test 

Sequence 

Lubricant  Sample 

Run 

Ho, 

1 

Second  Baku  Crude -No,  15 

it 

it 

2 

Same,  With  3#-7 11A 

i« 

it 

3 

Same,  With  AzNII-TslATHIM-1 

ti 

ft 

4 

Same ,  With  3^-711 

it 

ii 

5 

Same,  With  3^-701 

it 

ii 

6 

DP -14 

n 

IS 

7 

Second  Baku  Crude-No,  15 

ii 

ti 

8 

Yumen  Crude-No*  10 

it 

IS 

9 

Same.  With  3#»71lA 

Table  9  {see  page  19}  Is  a  tabulated  analysis  of  the 
results  of  samples  before  and  after  40  hours  and  80  hours, 
respectively,  from  tests  conducted  on  the  single-cylinder 
engine* 

Figures  9  and  10  (see  page  20)  show  the  changes  of 
the  samples  in  their  viscosities!  changes  in  acidity  in 
the  test  runs  are  shown  in  Figures  11  and  12  (see  page  21), 

It  is  readily  seen  that  among  these  additives,  71IA 
possesses  the  best  oxidation-inhibiting  property  which, 
however,  is  short-lived  since  its  oxidation  stability  at 
high  temperatures  deteriorates  rapidly  as  its  period  of 
application  lengthens,  as  shown  in  Figure  13  (see  page  22), 

In  evaluating  the  ability  of  lubricants  to  effective¬ 
ly  resist  carbonaceous  materials,  n  carbon  is  taken  to 
represent  piston  deposit  index.  Its  value  is  equal  to  the 
gram-weight  of  carbon  deposit  on  the  top  of  the  piston. 

The  detergency  characteristic  of  the  sample,  ncxQan> 
is  expressed  by  the  algebraic  sum  of  n^iacquer,  which  grade 
number  is  determined  by  the  color  of  the  lacquer  film  on 
the  piston,  and  nrxng*  pis^or  ring  stickiness  index; 

¥1R^er"t'onrST*Tor  details  concerning  definitions  and  methods 
of  evaluating  these  indices. 
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Table  9,  Analysis  of  Results  of  Lubricant 
Samples  After  Tests  on  Single- 
Cylinder  Engine, 
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Acidity 


Engine  Test  Period 
(hours) 

Figure  9.  Acidity  of 
Lubricant  Samples  After 
Engine  Test* 


1,  Yumen  Cru.de -Ho*  10 j 
2*  Same*  With  3/S-711A » 


1.  Second  Baku  Crude-No. 
IS  • 

2.  Same  ,  With  3^-71lAj 
3 «  Same,  With  3$>-7!l; 

4.  Same,  With  3^-701; 

5*  Same,  'With.  3^-AzNII- 

TsIATUIM-l; 

6*  BP-14* 


0  ,40  80 


Engine  Test  Period 
(hours ) 


Figure  10.  Acidity  of 
Lubricant  Samples  After 
Engine  Test. 
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50u  C,  Dynamic  Viscosity 
(Cent! stokes) 


Engine  Test, 


1,  Yumen  Crude-No.  10 j 
2*  Same,  With  3%-71lA, 


1.  Second  Baku  Crude -Bo 
15; 

2.  Same,  With  3>-711A; 

3,  Same,  With  37? -7 11; 

4.  Same,  With  3%-701; 

5,  Same,  With  37»— AzKII- 

TsIATNlM-1; 

6,  DP-14, 


Figure  12,  Viscosity  of 
Lubricant  Samples  After 
Engine  Test, 
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rie  loan  nlacquer  nring* 


Second  Balm  Crude-No*  15  j 
Same,  With  3$-711Aj 
Same,  With  356-711; 

Same,  With  3^-701; 

Same,  With  3^-AaNII-TaIAT- 
NIM-lj 

DP-14 

Yumen  Crude-No.  10 j 
Same,  With  3^-7 1IA. 


(hours ) 

Figure  13.  High  Temperature  Oxidation 
Stability  of  Lubricant  Sample  After 
Engine  Test* 

The  lacquer  film  is  broken  down  into  seven  grades, 
according  to  the  shads  of  the  film  on  the  piston.  Briefly, 
pistons  which  are  void  of  lacquer  films  are  graded  as  0, 
those  with  films  of  darkest  shad©  are  classified  as  grade 

6. 

In  determining  the  piston  ring  stickiness  index, 
nring*  %*ing  0  in  the  case  of  mobile  rings,  0,5 

for  sticky  rings,  and  for  rings  under  seizure,  njCfng  is 
calculated  according  to  the  following  formula: 

angle  in  degrees  of  portion  of  ring  under 

%lni7=  _ _  _ _ _ _ _ seizure  4-0*5 

s - -  -  - 


2* 

3* 

4. 

5* 

6, 

7. 

8* 


The  piston  ring  stickiness  index  of  a  piston  is 
equal  to  the  algebraic  sum  of  three  rings. 

Table  10  (see  page  23)  shows  the  test  results  for 
carbon  dispersion  properties  and  detergency  of  various  oil 
samples* 

The  results  shown  in  Table  10  indicate  that  additive 
711A  possesses  the  best  detergent  (or  def luocculant ) 
properties*  Detergency  of  Second  Balm  Crude-No.  15  after 
the  addition  of  this  additive  is  superior  to  that  of  die¬ 
sel  lubricant  DP-14. 

Figures  14-17  (see  page  24)  are  photographs  of 
cylinders,  showing  all  four  sides,  taken  after  engine  tests 
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Figure  14.  Left-side 
of  Piston  Surface. 


Fi gare  15*  Revolved  90' 
Clockwise  From  Original 
Position* 


'  i-'y; 

'  -'a 


fit:* 


w*  I 

•S:  >  -«>v-  •  Vftl 


mm 


LdlK&ir  *7  *  '•■?M 


Figure  16.  Revolved 
180°  Clockwise  From 
Original* 


Figure  17.  Revolved  270 
Clockwise  Prom  Original 
Position. 


Legend  % 


Second  Baku  Crude-No*  15 j 
Same*  With  3^-7 11A; 

DP-i4| 

Second  Baku  Crude-No,  15,  With  3%- 
k zNIX-TalATNIM-l J 
Same,  With  3^-701 j 
Same,  With  3^-711; 

Yumen  Crude-No*  10,  With  3^-7 11A; 
Yumen  Crude-No*  10* 


with  various  lubricant  samples, 

AzNII-TsIATNIM-1  is  an  excellent  additive  a3  re- 
p-ards  carbon  dispersion*  This  point  was  also  mentioned  by 
Nilchiky^  ^  *  Among  the  three  additives  prepared  by  us, 

711A  is  the  best  in  this  property.  .  .  , 

On  the  other  hand,  however,  it  was  .found  tnat  carbon 

accumulation  increased  when  additive  711A  was  added  to 

Yumen  Crude-No «  10 •;  _  ,  , 

It  was  observed  that  under  similar  operating  condi¬ 
tions,  the  carbon  deposited  various  samples  differed 
not  only  in  weight,  but  in  thickness  also. 

The  anti-corrosion  and  wear -reduct ion  properties  of 
a  sample  were  evaluated  by  determining  the  average  slope 
from  the  wear*  curves  obtained  by  plotting  the  decrease  in 
v^eight  of  the  piston  ring,  before  and  after  the  test,  and 
the  iron  content  of  the  sample.  The  effectiveness  of  these 
two  properties  of  any  motor  lubricant  is  directly  demon¬ 
strated  by  the  rate  of  increase  of  metallic  content  in  the 
test  sample  during  the  course  of  its  actual  operation. 
During  the  period  of  lubrication,  such  metallic  substances 
cannot  be  differentiated  according  to  their  causes  — 
whether  attributed  by  corrosion  or  wear  —  since  these  two 
factors  occur  simultaneously  in  the  course  of  the  opera¬ 
tion.  Therefore,  the  anti-corrosion  and  wear -reduction 
properties  of  a  lubricant  can  be  evaluated  only  together. 

The  average  slope  of  wear  curves  is  expressed  %ron, 
and  the  weight-loss  of  the  piston  ring  is  represented  by 
Kring«  Krin^  is  the  wear  rate  of  one  piston  ring  per  unit 
of  time,  and  is  calculated  according  to  the  following  equa¬ 
tion: 

algebraic  sum  of  weight-loss  of  three  piston  rings 

Kr  in£?~ - - - - - - - - - 

s  3  x  80  hours 


Therefore,  its -unit  is  mg* /ring-hour. 

Table  11  (see  page  26}  tabulates  the  wear  data  of 
piston  rings  and  the  iron  content  in  samples.  %^on  he*’© 
is  calculated  according  to  Figure  18  (see  page  26  j. 

Among  these  additives,  the  anti-corrosion  and  wear- 
reduction  properties  of  additive  711A  are  the  most  out¬ 
standing,  followed,  successively,  by  711,  701,  and,  finally, 
A zNII -TsIATiUM-i ,  which  are  all  similar* 

Conclusion 

1,  Additive  711A  possesses  good  detergent  proper¬ 
ties,  When  3 of  this  additive  is  added  either  to  Second 
Baku  Criide-No,  15  or  to  Yumen  Crude-No.  10,  piston  rings 
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perties  of  detergency,  anti-corrosion,  wear -reduction,  et 
cet era# 

7*  Recently,  Puchkov,  et  cetera,  have  claimed  that 
oxidation  stability  of  lubricants  at  high  temperatures  — 
as  proposed  by  Pabock  —  lacks, unity  with  those  conditions 
observed  in  actual  performance (11)*  However,  we  are  of  the 
opinion  that  the  proposed  explanation  and  the  properties 
observed  in  actual  performance  definitely  can  be  correlated. 
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GASIFICATION  OF  BROWN  COAL  IN  THE  GAS 
PRODUCER  OF  GENERAL  CONSTRUCTION-* 

-Communist  China- 


/following  is  the  translation  of  an  article 
by  Li  Ch*  en-Hsiang  {2621  3819  4382),,  of 
Pu-la-erh-chi  Plant  No,  33,  in  Jan-li ao 
HsUeh-nao  ( *Acta  Focalia  Sirica1,  or  the 
Journal  of  Fuels),  Vol.  4,  No.  2,  pp.  181- 
184,  April  1959 j/ 


Based  on  sound  economic  and  transportation  factors, 
Fu-la-orh-chi  Plant  No,  33  has  been  conducting  experiments 
with  the  gasification  of  brown  coal  (low-grade  coal  from 
Li -cha - lal -no -  erh ,  Manchuria)  in  conventional  gas  producers 
designed  to  use  bituminous  coal.  Success  finally  came  af¬ 
ter  many  trials,  and  the  experience  would  have  great  sig¬ 
nificance  to  all  the  gas-producer  plants  across  the  whole 
nation.  The  following  is  a  preliminary  report  of  the  re¬ 
sults. 

I.  Gas-producer  Design 

The  gas-producers  are  of  the  5AD«15~Model,  suitable 
for  bituminous  coal  gasification.  Among  the  special 
characteristics  of  the  gas-producer  are  automatic  coal  in¬ 
put,  automatic  ash  removal,  automatic  rotary  ash-tray,  and 
automatic  coal  distributor.  The  steam  jacket  generates 
steam  for  Use  in  humidification  and  air  intake.  Figure  1 
shows  the  schematic  design  of  the  gas-producer. 

II.  Comparative  Characteristics  of  Natural  Coals 

Originally,  it  was  planned  to  use  bituminous  coal  — 
from  Lao-hu-t!al  (lit,,  "Old  Tiger  Terrace”),  of  Fu-shun. 
Some  of  the  special  points  of  Lao-hu-t*ai* s  coal  are  a  low 
moisture  content,  a  more  uniform  size,  high  thermal  stabili- 
Received  10  August  1958. 
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ty,  and  a  high  melting  point  of  ash.  The  special  charac¬ 
teristics  of  the  low-grade  Cha-lal-no-erh  brown  coal  are 
a  high  moisture  content,  less  uniformity  (in  size),  they 
are  highly  hygroscopic,  they  possess  an  inferior  heat 
stability",  and  they  have  a  low  melting  point  of  ash.  The 
comparative  characteristics  of  the  two  are  tabulated  in 
Table  2. 

III .  Operating  Conditions 

Compared  to  bituminotis  coals,  the  principal  dif¬ 
ferences  in  using  brown  coals  are  t 

1,  Lower  temperature  in  gasifying  zone; 

2,  lower  gas-exit  temperature; 

3,  higher  air  intake  and  temperature; 

4,  shallower  coal-layer. 

These  are  all  due  to  the  characteristics  of  the 
brown  coal  mentioned  in  the  previous  paragraph.  The  oper¬ 
ating  conditions  of  Pu-shun  bituminous  coal  and  Cha-lai-no- 
erh  brown  coal  are  tabulated  in  Tables  2-4, 

A.  The  Fu-shun  coal  flame  has  a  burning  period  of 
1,5-2. 5  minutes  and  an  oxidation  zone  from  dark  to  bright 
red;  the  period  for  brown  coal  is  3-5  minutes,  and  the 
oxidation  zone  is  from  light  to  dark  red, 

B.  The  best  gas  outlet  temperature  of  brown  coal 
Is  about  200°;  considering  other  factors,  the  recommended 
range  is  200°-300°. 

O.  The  coal-gas  outlet  pressure  is  determined  by 
safety  requirements  and  water-seal  character! sties, 

D,  Prom  practice,  the  saturation  temperature  of 
intake-air  ranges  from  58°~65°  is  established.  This  keeps 
the  oxidation  temperature  level  at  approximately  1100°- 
1200°,  After  four  minutes  of  glowing,  a  bright  red  color 
is  detectable.  This  guarantees  that  the  ash  will  not  be 
solidified  in  the  furnace, 

E»  There  should  not  be  any  appreciable  difference 
between  the  flame  in  the  center  and  that  which  is  at  the 
circumference.  This  should  be  kept  within  100-150  mm, 

P,  The  percentage  of  COp  in  gas  produced .from  brown 
coal  is  higher,  the  CO  percentage  is  lower,  due  to  a  lower 
gasification  zone  temperature  and  a  thinner  coal-layer,  and 
a  higher  saturation  temperature.  Q,M>1500  Kcal/m®.  This 
conforms  with  coal-gas  standards, 

IV,  Analysis  of  Characteristics  of  Brown  Coal  Gasification 

A,  Principal  furnace  and  experimental  stages  and 
conditions  (see  Table  5),  Prom  Table  5,  it  is  evident  that 
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an  increase  in  the  gasifying  rate  should  be  accompanied  by 
a  rise  in  the  air-input  temperature  in  order  to  obtain 
normal  operation. 

B»  .Under  normal  furnace  operating  conditions—  as 
indicated  in  Table  3  —  the  pressure  drop  versus  the  flow 
rate  is  as  tabulated  in  Table  6*  and  as  plotted  in  Figure 

2. 

C«  Ash  characteristics  of  brown  coal: 

1.  The  ashes  are  finer  and  these  are  no 
large  lumps.  The  finer  ash  packs  tighter  in  the  ash-tray, 
thus  it  is  not  easy  to  unload.  This  is  especially  so  when 
the  ash-tray  is  not  rotating  and  during  the  warra-up  period. 
See  Table  7*  Note  that  variation  of  ash  levels  resulted 
from  manual  agitation, 

2.  In  insufficient  ash  removal  or  uneven 
combustion  there  were  small  unburned  pellets  in  the  ash. 

These  pellets  were  hard,  with  occasional  air  bubbles  on 
the  surface* 

3.  Brovm  coal  has  a  lower  ash  content. 
Friction  between  ash  particles  is  considerable,  and  the 
ash  layers  have  to  be  shifted  downward  manually.  For  in¬ 
stance,  in  the  second  shifting,  the  No.  7  port’ has  700  mm. 
of  ash,  while  the  No.  1  port  has  300  mm.,  the  No,  3  port 
has  250  mm,,  and  the  No.  5  port  has  400  mm.  When  the  shift 
was  completed,  a  slight  manual  agitation  reduced  the  No.  7 
port  ash  level  to  300  mm.  Then,  the  radial  force  in  the 
center  pushes  the  ash  outward  and  there  is  no  problem  in 
ash  removal,  provided  that  no  pellets  form  in  the  ash. 

This  difference  in  the  ease  of  ash  removal  between  the 
center  and  the  circumference  is  graphed  in  Table  8  for  the 
first  shifting  of  the  fourth  day.  Figure  shows  a  side- 
view  of  Ports  No.  1  through  No.  5. 

D.  Analysis  of  draft  distribution  and  flame  strength. 

1.  A  particular  characteristic  of  the  D-Type 
gas-producer  is  its  uniformity  of  air  distribution.  Ac¬ 
cording  to  the  Soviet  Academy  of  Science,  the  air  rate  is 
still  slightly  higher  at  the  center  than  it  is  at  the  cir¬ 
cumference,  the  differential  is  greater  with  higher  rate 
and  higher  pressure.  So,  when  normal  gasification  products 
decrease,  the  coal  layers  in  the  center  must  be  thicker  and 
the  degree  of  thickness  should  gradually  decrease  towards 
the  circumference,  forming  a  bell-shaped  conformation,  in 
order  to  insure  even  gasification  over  the  entire  furnace. 

„  2.  In  natural  draft  conditions  during  the 

period  ox  warra-up,  the  uneven  draft  distribution  is  not 
apparent.  If  the  coal-layer  is  thick  in  the  center,  there 
Wi1Lbe.higher  gasifying  rate  at  the  circumference  because 
of  the  lower  flow  resistence  in  the  circumference.  The 
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flame  height  in  the  center  drops  to  under  50  mm,  As  soon 
as  the  furnace  is  operated  under  normal  draft  conditions, 
the  flame  would  become  normal, 

E,  Actual  experimental  data  and  material  balance. 
Analysis  of  experimental  data  is  tabulated  in  Figures  9-11. 
Table  12  is  material  balance  data. 


Conclusion 


This  experiment  concluded  that  it  is  possible  to 
gasify  coal  of  a  comparatively  low-grade  type  with  lower 
mechanical  strength  and  heat  stability  in  a  conventional 
gasifier  designed  for  better  grade  coals.  The  higher  con¬ 
tent  of  moisture  of  the  brown  coal  results  in  a  lower  gas 
output  temperature  and  less  tar  content  in  the  gas.  Less 
ash  is  produced,  and  the  non-pellet -forming  and  non-solid- 
foming  characteristics  of  the  brown  coal  greatly  reduce 
manual  work  requirements.  Thus,  it  is  possible  to  increase 
production.  The  fact  that  viscous  particles  are  not  formed 
in  the  process,  plus  the  low  gasifying  temperature,  great¬ 
ly  reduces  the  flow  velocity  In  the  gasifier,  thus  reduc¬ 
ing  entrainment. 

These  results  support  the  use  of  locally-avaiiable 
low-grade  coal  for  gasification,  thus  conserving  valuable 
bituminous  coal  for  use  as  a  raw  material  in  the  chemical 
industry.  This  experiment  also  proves  that  the  use  of 
brown  coal,  instead  of  bituminous  coal,  in  gasification, 
does  not  require  complicated  modification  in  the  gasifier. 


Figure  1,  Cross-Sectional  View  of 
Soviet  3AD-13~Model  Q-as  Producer* 
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Figure  2*  Air  Rate  vs.  Pressure  Drop, 
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Figure  3,  Cross-Sectional  View 
of  Coal  Distribution* 
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Table  7.  Ash-layer  Height  Variation 
at  Gircumf erence  (mm«). 
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Table  8.  Ash  Distribution  On 
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Table  9,  Analysis  of  Coal-gas  Composition  {%) . 
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Table  10.  Combustible  Matter  in  Ash  and  Carry-over  ,($)# 
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Table  11,  Optimum  Conditions, 
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*.  Ct*L 

0.4058 

0.0531 

0.1837 

0.0110 

0.0021 

0.0620 

j  0.8083 

•J 

< 

.  MwstuSe: 

— 

0.021.3 

0.1895 

— 

]  0.2118 

2.  At*. 

— 

— 

0.400-1 

1.3780 

— 

— 

j  J . 7844 

% 

M- 

— 

0.0228 

0.1825 

-- 

— 

0.2053 

E 

TcrraL 

0.4953 

0.0972 

0.9021 

1.8896 

0.0031 

0,0020 

3.009! 

L  Pef 

0.4563 

0.0430 

0.6018 

1.8892 

0.0021 

— 

2.5544 

» 

2.,  PtelSTUflE 

.1; 

0.0510 

!  0.4079 

i 

— 

— 

0.4589 

b 

•s.CAswMXfas 

0.0(331 

0.0004 

;  0.0014 

1  0.0001 

— 

0.0004 

!  0.0054 

MlTAfi. 

0.0102 

0.0003 

I  0.0290 

!  0.0003 

— 

~~ 

0.0403 

£ 

0 

sr.  Ash 

0.0148 

_ 

“ 

— 

0.0616 

.  "0.0764 

a.. 

Total 

0.4844 

0.0912 

;  1.1001 

;  1 . 3896 

0.0021 

i  0.  Of  120 

3  1854 

+0,011-1 

° 

-0.1380 

u 

0 

0 

-0.1260 
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